The existence and estimate of the upper bound of the Hausdorff dimension of the global attractor for the strongly damped nonlinear wave equation with the Dirichlet boundary condition are considered by introducing a new norm in the phase space. The gained Hausdorff dimension decreases as the damping grows and remains small for large damping, which conforms to physical intuition. 
INTRODUCTION
Consider the strongly damped nonlinear wave equation with the Dirichlet boundary condition Ž . Ž . Ž . system 1 ᎐ 2 if it exists is point dissipative and is a bounded map, then Ž . Ž . there is a global attractor for 1 ᎐ 2 in E.
In this paper, we consider the existence and Hausdorff dimensional Ž . Ž . estimate of the global attractor in E for system 1 ᎐ 2 where the function Ž . f u,¨satisfies
Ž . Ž . and its partial derivatives f u,¨, f u,¨satisfy:
We obtain an upper bound of the Hausdorff dimension for the global attractor by introducing a new norm in the phase space E which is equivalent to the usual norm in E and by carefully estimating and splitting the positivity of the linear operator in the corresponding evolution equation of the first order in time. The gained upper bound of the Hausdorff dimension decreases as the damping ␣ grows and remains small for large damping ␣ , which conforms to physical intuition. The idea of using such a w x w x technique originates in Zhu and Zhou 6 and Wang and Zhu 7 . The main result is the following theorem. 
Ž . Ž . So the Hausdorff dimension of the global attractor for 1 ᎐ 2 is uniformly bounded and is independent of the damping ␣ if ␣ is not very small. 
Ž .
Ž . Ž . Let u s¨, then 1 ᎐ 2 are equivalent to the following initial value t problem in the space E:
w x Ž . Massatt in 4 proved that C in 10 is a sectorial operator on E and generates an analytic compact semigroup e C t on E for t ) 0. By the Ž .
Ž . assumptions 3 , it is easy to see that the function F Y : E ª E is continuously differentiable and globally Lipschitz continuous with respect to Y. By the classical semigroup theory concerning the existence and w x uniqueness of the solutions of differential equations 8 , we have following lemma. 
If the function f u,¨satisfies conditions 3 and 4 , then 12 is a well-posed
Ž . problem in E, the mapping S t defined in 9 is
is the linear operator on E: Ž . Proof. It is clear from assumptions 3 that 12 is a well-posed problem in E.
Ž . We first consider the Lipschitz property of S t on the bounded sets of
The difference s u y u satisfies
Taking the scalar product of 13 with s u y u in L ⍀ and by thẽ t t t mean value theorem, we have
F by 3 and Poincare inequality Ž . Ž .
Ž . 
By the mean value theorem, we have Ž . Ž . 
The proof is completed.
GLOBAL ATTRACTOR
In this section, we prove the existence of the global attractor of semi-Ž . Ž . group S t , t G 0 defined by 9 .
1 Ž .
First, we define a new weight inner product and norm in E s
Obviously, the norm и is equivalent to the usual norm и in E.
Ž . then the system 1 ᎐ 2 or 9 can be written as
23
Ž . Ž . thus by 26 ,
Since E is dense in D ⌳ , the proof is completed.
Ž . Now, we consider the absorbing property of the semigroup S t , t G 0 Ž . defined by 22 on E.
Ž . Ž . T Taking the scalar product of each side of 22 with s u,¨in E, we find 1 d
F by 3 and Young inequality Ž . Ž .
Ž . Thus, by 27 , 28 , and 29 ,
Gronwall's inequality, we obtain the following absorbing inequal-Ž < < . ity in the space E, и :
As a direct consequence of the absorbing property 30 , we have
defined by 22 is point dissipati¨e and bounded for any t ) 0.
9 is point dissipati¨e and bounded for any t ) 0.
Since the norm и is equivalent to the usual norm и in
Ž . E and the relation of S t , defined by 22 , with S t is made by the reversible transformation u s u,¨s u q u, i.e., with the initial condition < < < < 1 2 Since the norm и is equivalent to the usual norm и in E and
, it is easy to show from Lemma 2 that 33 ᎐ 34 is a well-posed Ž . Ž . problem in E, the mapping S t defined by 22 is Frechet differentiablé Ž . 
